Cellulose decomposition by thermophilic bacteria at 60°C. is generally considered an anaerobic process, although Kroulik (1913) and Coolhaas (1929) reported aerobic fermentations. Neither of these workers obtained digestion of cellulose in agar media and this has been taken to indicate that they obtained anaerobiosis in their liquid cultures by the presence of commensals. Coolhaas believed that other organisms fermenting cellulose at 60°C. were strict anaerobes associated with facultative forms. Viljoen, Fred and Peterson (1926) studied a thermophile which decomposed cellulose and which they assumed to be anaerobic. Tetrault (1930) showed that this and similar cultures could be cultivated in a special plating capsule. Sarles (1932) also investigated these cultures. Anaerobic agents did not enhance growth and it was considered that the commensal organisms brought about anaerobic conditions. Peterson and Snieszko (1933) found that covering similar cultures with vaseline did not benefit the fermentation. Norman and Fuller (1943) in their review would seem to indicate that most thermophilic cultures are anaerobes associated with facultative organisms.
In the following work an attempt to investigate the growth requirements of thermophilic cellulose-decomposing bacteria resulted in indications that the cultures obtained were aerobic and that obligate anaerobes were difficult to obtain.
EXPERIMENTAL
For preparation of enriched cultures by Viljoen's method, Tetrault's (1930) modified medium was used. A more simplified medium was also found satisfactory for general use. This medium contained 1 g. sodium chloride, 0.5 g. magnesium sulfate, 2.5 g. monobasic potassium phosphate, 15 to 20 g. ground filter paper and 1000 ml. distilled water. In liquid medium, calcium carbonate was frequently used as a neutralizing agent, or the reaction was adjusted to pH 7.4. When a solid medium was desired, the filter paper was comminuted in a ball mill and agar added without carbonate. The nitrogen source was generally 0.5 per cent peptone.
Inoculations from various sources: pond mud, garden soil, horse manure and cow dung were made into 700 ml. of medium contained in liter Erlenmeyer flasks. Later it was found that 350 ml. of medium in a 500 ml. Erlenmeyer flask gave the same approximate depth. Several of these flasks were placed in an incubator at 60°C. Tin-foil-covered plugs were used to reduce evaporation.
Other flasks were layered with paraffin or vaseline. Some were placed in vacuum desiccators and the air replaced with nitrogen or carbon dioxide. Buchner jar preparations with pyrogallol were also made. No successful fermentations were obtained with these anaerobic methods.
The untreated cultures produced gas and some pigmentation; so serial transfers were made until vigorous fermentations were obtained from the cultures.
For preliminary work the horse manure, cow dung and garden soil cultures wvere used. It was possible to obtain similar cultures from elephant and elk wastes and several soil samples.
At this point purification by the "anaerobic" capsule with cellulose-peptone 0.8 per cent agar medium was attempted. As was discovered by Tetrault (1930) and Sarles (1932) the use of pyrogallol in the capsule seemed to inhibit the disintegration of cellulose. Any leak in the capsule seal would not permit digestion. The sealed capsule (2 Petri dish bottoms sealed with glued paper) alone did yield clearings in the cellulose from which wire transfers could be made.
It was reasoned that the effect of the leak on the cultures might be from the loss of water vapor rather than from the presence of oxygen.
Ordinary Petri dish prep4rations with cellulose-peptone agar medium were inoculated with dilutions up to 1 part in 1,000,000 of various cultures. These plates were sealed in gallon cans with containers of distilled water and incubated at 600C. After four days the cans were reopened and it was found that digestion was apparent in the 1 to 10,000 dilution of the cultures. The cans were reopened daily and by the tenth day all plates inoculated showed clearings.
In view of the opinions of other workers these results were disturbing, so it was conceived that perhaps some arrangements in the cans set up anaerobiosis. The fact that ordinary moist chamber methods were unsuccessful unless air entered through a water seal, suggested that the exclusion of air was necessary for growth. Petri Petri dish preparations of cellulose-peptone agar (0.8% agar) were placed in these chambers after inoculation with a 1-1000 dilution of an active culture. Table 1 indicates the proportion of plates showing digestion after incubation for two weeks. In this experiment the agar in the plates inoculated at 98 and 90 per cent relative humidity was considerably dried by the end of two weeks, and the zones of clearing on the two plates at 98 per cent relative humidity were limited.
This evidence seems conclusive that relative humidity is an important factor for the cultivation of thermophilic cellulose-splitting organisms. The results of a comparative experiment are given in table 3. Frequently in these experiments some cultures would not ferment while identical cultures would be vigorously active. Total acid as given in the table was determined by Van Slyke's (1920) method for the determination of organic acids in urine. This was checked against the method of Pucher, Vickery and Wakeman (1934) and was found satisfactory. Essentially it consists of removal of interfering ions with calcium oxide and bichloride of mercury and the titration of the resulting solution between pH 8.0 and 2.7.
As further evidence of the aerobic nature of these cultures, it was found that DECOMPOSITION OF CELLULOSE BY BACTERIA when the peptone was autoclaved with normal sodium hydroxide and used in the medium, no adverse effect was observed. Under these conditions the peptone would be in a partially oxidized state. The morphology and fermentation characteristics of the cultures were similar to those observed by Tetrault (1930) and Sarles (1932) . Volatile acids, fixed acids and small amounts of alcohol were produced in varying quantities.
GROWTH IN SEMI-SOLID AGAR
The use of 0.8 per cent agar in media permitted more extensive digestion than when higher concentrations of agar were used. The use of weaker agar media was hindered by a lack of stiffness. A technique proving satisfactory consisted in providing the dishes with a solidified layer of 2 per cent agar in distilled water before pouring a 0.4 per cent to 0.6 per cent agar-cellulose medium into the dish. After carefuI cooling, the resulting preparation had sufficient rigidity to be inverted and incubated.
With such weak agar preparations the inoculum could be diluted with 10 billion parts (or more) of a phosphate dilution water and digestion of the agar could still be obtained.
No change of morphology could be observed. Coccoidal bodies, thin rods with swollen "spores" and short bacilli were still present, as were forms which could be isolated on non-cellulosic media but did not retain their cellulosefermenting power.
DISCUSSION
It has been felt by Tetrault (1930) and other workers that, since it is necessary to seal the plates used for agar preparations of thermophilic cellulose bacteria, and that since no growth occurs under normal aerobic conditions in agar, these organisms are, in general, anaerobic. They imply that the cultivation in flasks is made possible by the action of associated organisms setting up anaerobic conditions.
The studies here recorded indicate that the difficulty of aerobic growth in agar of thermophilic cellulose-splitters is that of humidity. Saturation of the atmosphere with water seems necessary for optimum growth.
The presence of aerobic or facultative organisms in these thermophilic cellulosedigesting cultures was demonstrated by obtaining digestion during agitation of the cultures by air. Such agitated cultures yielded low amounts of acid as would be expected from aerobic cultures under aeration.
CONCLUSION
Cultures of bacteria were readily obtained from soil and ruminant feces which attacked filter paper at 60°C. under aerobic conditions. These cultures were inhibited by several anaerobic methods.
Growth in agar media was found to be affected extremely by the relative humidity of the incubator atmosphere.
